external genitalia. 4 A number of reports have been focused on discussing the relationship between the phenotypical sex and the mosaic 45,X/ 46,X,idic(Y) including cases with all forms of external genitalias: ranging from male, ambiguous, female, mixed gonadal dysgenesis and even different sex was noted in each co-twin belonging to the same monochorionic twin set. 5 Diagnostic modalities ever applied include G-banding, FISH, PCR (polymerase chain reaction to detect any microdeletions and mutations in the Y chromosome), and CGH (comparative genomic hybridization). [6] [7] [8] SKY (spectral karyotyping), a technique to paint all the 46 chromosomes simultaneously in a single reaction, 9 is rarely used in such studies. We successfully applied G-banding, FISH, SKY, and SRY sequencing to delineate the fine composition of the Y-containing marker chromosome in our patient.
Here, we present a mosaic 45,X/46,X, + marker chromosome fetus with an unambiguous male genitalia, whose abnormal Y-containing marker chromosome was later to be delineated as an idic(Y)(p11.3). Ventricular septal defect (VSD) of the heart was also noted in this fetus. Congenital heart defects are not uncommon in subjects with aneuploidy. However, though enormous efforts have been made to pinpoint the relationship between the preponderance of certain types of congenital heart defects and various kinds of chromosomal abnormality, VSD is not commonly seen in patients with Turner syndrome. 10 We therefore notice the possible interesting relationship between the VSD and the isodicentric Y chromosome in our patient. Mosaic sex chromosome disorder is a difficult issue in genetic counseling. We thus find our case interesting because of the extensive laboratory work, and also because of the rare cardiac phenotype.
Case Report
A 35-year-old, gravida 1, para 0, Taiwanese woman received an amniocentesis at GA 20 weeks because of advanced maternal age. No increased nuchal translucency was noted during the first trimester. Cytogenetic analysis of the amniocytes showed the presence of three cell lines. Of the 65 cells analyzed, the karyotype was determined to be 45, X[54]/46,X, + mar [8] /46,XY [3] by conventional G-banding analysis ( Figures 1A and 1B ). FISH analysis for centromeric Y sequences (DYZ3; Vysis, Downer's Grove, IL, USA) was performed and the marker chromosome was found to be dicentric ( Figure 2 ). An isodicentric Y chromosome was thus highly suspected. FISH analysis of at least 20 interphase nuclei as well as 20 metaphase spreads by use of the whole painting probe for Yq (WCPYq; Vysis) and a locus-specific probe for SRY (Yp11.3; Vysis) were performed and the results showed that the derivative Y chromosome was an idic(Y) (p11.3), with only one signal of the FISH probe aimed at the SRY locus seen, both in interphase and metaphase cells (Figures 3 and 4 ). However, the nature of the unpainted region by the WCPYq probe needs to be further elucidated ( Figure 3 ) to see if other chromosomes were involved. SKY (Applied Spectral Imaging, Carlsbad, California, USA) was then applied and the result showed that the unpainted region was exclusively Y origin ( Figure 5 ). The karyotype of the amniocytes was thus to be further designated as 45,X[54]/46,X, idic(Y)(p11.3) ish idic(Y)(SRY + , DYZ3 + + ) [8] / 46,XY [3] . The ideogram of the idic(Y) chromosome is proposed in Figure 6 . Antenatal ultrasound at GA 21 weeks revealed a normal male fetus except a VSD of the heart. Cordocentesis at 22 weeks of gestation was performed and the karyotype showed 46,X, idic(Y) (p11.3)[26]/ 45,X [24] . Termination of the pregnancy was offered at GA 23 weeks after a nondirective genetic counseling session. An abortus, weighing 405 g, with obviously unambiguous male genitalia, was delivered. No gross abnormality was noted. Autopsy of the abortus revealed no abnormalities except a VSD of the heart. Table 1 shows that the karyotyping done at the postmortem stage (prior to formalin fixation) of the placental villi, the postnatal cord blood and the gonad confirmed similar mosaic karyotypes: 45,X[87]/46,X,idic(Yp11.3) [ 
Discussion

Genotype
One of the most common structural changes of the Y chromosome is dicentric Y. 3, 11 PCR amplification of sequence-tagged sites (STS) combined with FISH analysis was often used to map the breakpoint of a derivative chromosome encountered in a clinical diagnostic setting. 12 Molecular-based approaches to study mosaicism are difficult, especially when three cell lines exist (one cell line does not contain Y, one cell line contains a normal Y, one cell line contains an idic [Yp]). FISH-based technology is more useful in studying mosaic genotypes. 9 We successfully used FISH, SKY, sequencing for SRY locus, and STS-PCR to delineate the composition of the derivative Y to be idic(Y)(p11.3) ( Figure 6 ). Previous reports on Y-containing derivative chromosomes in mosaic 45,X cases revealed that the derivative Y chromosomes could be idic(Yp), idic (Yq), or Y microdeletions. 3 Our report appears to be the first one using SKY in diagnosing a case with the mosaic aneuploidy involving the mosaic 45,X. Remarkably, the only one SRY signal as noted in Figure 4 may actually represent that one SRY was deleted. Besides, there were no microdeletions in the STS markers spanning AZFa/AZFb/AZFc/ AZFd noted in the cells containing Y-materials we examined.
Phenotype and mosaicism
Up to 99% of the 45,X fetuses ended up with in utero demise whereas an incidence of at least 80% of such fetuses die between 10 weeks of gestation and at term. 13 Approximately half of the postnatal cases with Turner syndrome have a 45,X karyotype; the remaining patients are mosaic for having cell lines with a second sex chromosome being a structurally abnormal X. Postnatal cases with Turner syndrome usually have female genitalia; however, varying degrees of masculinization, even complete virilization, are present in mosaic Turner patients if Y material exists. SRY gene was thought to be a major determining factor in the development of male genitalia. However, some authors once reported monozygotic twins having different genders despite the two cotwins of a twin set having the same underlying chromosomal abnormality in the form of mosaicism. 5 Tissue mosaicism, a distributional difference in the ratio of cell lines, or different mutation types in the SRY gene, was used to explain the discordance in gender. [14] [15] [16] [17] [18] [19] In the fetus we present in this report, the ratio of the cells to have SRY-containing chromosomal segments in the karyotype was 11/65 (17%) in the amniocytes and 26/50 (52%) in the lymphocytes of the antenatal cord blood, whereas the postnatal examination of gonad revealed a higher percentage of Y-containing cells (55%). It appeared there is a trend that maleness will become more apparent when the percentage of Y-containing cells increases, but exceptions did exist. Even when the percentage of Y-containing cells was 60%, microdeletion of Yq existed. 20 Other striking examples include: a 17year-old girl with Turner syndrome but without virilization had 70% Y-containing cells in her karyotyping of blood lymphocytes but information was lacking in her gonads. Another 15-yearold girl with growth delay and primary amenorrhea but without other signs of Turner syndrome was found to have 70% Y-containing cells in her blood karyotyping while again there was no karyotyping done on her gonads. 7 Various technologies and study items make the meta-analysis of the reported cases difficult. No definite genotype-phenotype correlation has ever been established. A brief summary of exceptional cases is given in Table 2 . Sex determination is affected by many determinants and the relationship between some of them remains elusive. In our case, the percentage of Y-containing cells in the amniotic fluid is relatively low (17%) whereas the external genitalia was an unquestionable male. Much higher percentages existed in the antenatal cord blood (52%) as well as in the gonad (55%), which might explain part of the picture. Our study gives the theory that different distribution of mosaic cell lines in an individual may well account for the variety of clinical phenotypes. A complete survey, in our opinion, of such cases of 45,X/46,X,der(Y) should include G-banding, FISH, STS-PCR (to study the microdeletions of human Y chromosomes), and sequencing for human SRY locus (to exclude mutations buried within SRY which result in abnormal development of gonads).
Three structural cardiac defects are more commonly seen in 45,X patients: bicuspid aortic valve, coarctation of aorta, and hypoplastic left heart syndrome. 10,21 VSD, despite itself the incidence is as high as 1% and it may be a coincidence as it is not a common cardiac defect seen in 45,X. In addition, few 45,X/46,X, idic(Y) cases reported in the literature ever stated an obvious cardiac defect. The relationship between the deleted (Yp11.3::Ypter) region, in which some candidate gene may hide within, and the embryonic dysgenesis which resulted in the VSD in our case awaits further study.
The possible mechanism of the idic(Y) formation
X and Y chromosome pair to each other during male meiosis at the pseudoautosomal regions at the very tips of both chromosomes. 2 Studies of 46,XX males lead to disclose some highly homologous loci outside the pseudoautosomal regions on the X and Y chromosomes that are hot spots for ectopic recombinations. 22 Such recombinations led to X-Y translocations if ectopic recombination occurs between X and Y and may lead to idic(X) or idic(Y) if ectopic recombination occurs between the two Xs or the two Ys during meiosis. However, some sequences situated within the used-to-think nonrecombining region of Y (NRY) actually have their homologous counterparts in the X chromosome such as the PRKX/PRKY. Abnormal interchange can occur anywhere on Xp/Yp proximal to SRY and may lead to XX males or XY females because SRY was carried along with the translocations. 23 The evolution of sex chromosomes was regarded to involve the serial events in the following order: (1) one homologue of an autosome pair incidentally acquires a sex-determining gene and such change makes the autosome pair become the ancestral sex chromosome, (2) then the strong selective constraint (which maintains sex) results in the non-recombining nature (speculatively through recombination-prohibited inversion rearrangements) of the Y chromosome in the XX/XY system (such as mammals) or the W chromosome in the ZZ/ZW system (such as birds), the mutations are therefore easy to accumulate and result in degeneration of Y chromosome. 24 A recent study demonstrated that high mutation rates of certain regions in Y have driven extensive structural polymorphism among human Y chromosomes. 25 
